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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of single crystal piezo- 
electricity members, such as a piezoelectric transducer. 
[0002] 

[Description of the Prior Art] The oscillatory type gyroscope using the piezo electric crystal as an 
angular-velocity sensor for detecting the angular rate of rotation in a rotation system is used as an object 
for the check of locations, such as an aircraft, and a vessel, a space satellite. Recently, it is used for car 
navigation, VTR, detection of the hand deflection of a still camera, etc. as a noncommercial field. 
[0003] Such a piezo-electric oscillatory type gyroscope will use that Coriohs force arises in the vibration 
and direction of a right angle, if angular velocity joins the body which is vibrating. And the principle is 
analyzed with a dynamic model (for example, an "elastic wave component technical handbook", Ohm- 
Sha, the 491-497di page). And various things are proposed as a piezo-electric mold oscillating 
gyroscope until now. For example, the Sperry tuning fork mold gyroscope, the Watson tuning fork mold 
gyroscope, the forward triangle pole mold vibrating reed gyroscope, the cylindrical vibrating reed 
gyroscope, etc. are known. 

[0004] The piezo-electric oscillatory type gyroscope is summarized into the "piezo-electric form 
oscillating gyroscope angular-velocity sensor" (Institute of Electronics, Information and Communication 
Engineers paper magazme C-I, Vol.J78- C-I No.l 1 the 547-556th page, November, 1995 issue). 
Moreover, the so-called tuning fork type of piezoelectric transducer is indicated by JP,8-1 14457,A. 
[0005] However, in order to develop the oscillatory type gyroscope which used the piezoelectric 
transducer for a still newer application, the mass production technology is the most important. However, 
it was very difficult to mass-produce the vibrator which consists of a piezo-electric single crystal, 
securing sufficient precision. As current and the processing approach of a single crystal, etching 
processing is usual. Moreover, in JP,8-78985,A, the approach of forming a piezo resonator by the 
exposure of a laser beam is proposed. 
[0006] 

[Problem(s) to be Solved by the Invention] In processing a single crystal base material by etching, the 
configuration of a processing cross section becomes unsymmetrical on the side front and background of 
a single crystal base material, and there is a problem that process tolerance is low. Thus, if the 
configuration of an etching side becomes unsymmetrical on the side front and background of a base 
material, by this, the different unnecessary oscillation mode fi-om a simulation value will occur, and it 
will become the cause of increase of a noise signal. 

[0007] Moreover, in JP,8-78985,A, the piezo electric crystal plate which prepared the vibrating 
electrode was irradiated operating the laser beam condensed by condensing means, such as a lens, and it 
has proposed starting the piezo resonator whose end face is an inclined plane by this. As a class of piezo 
electric crystal, it is PZT, Xtal, and LiTaOS. It is illustrated and they are a helium neon laser and C02 as 
a class of laser beam. Solid state laser, such as gas laser, such as laser, an argon laser, krypton ion laser. 
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and xenon laser, ruby laser, and an YAG laser, is mentioned. Specifically, the YAG laser with a 
reinforcement of 4W is irradiated at the mother board of 1.5mm of board thickness. 
[0008] this invention person is the purpose which cuts down the piezoelectric transducer for angular- 
rate-of-rotation sensors from a piezo-electric single crystal plate, and conducted the experiment which 
cuts down vibrator from a lithium-niobate substrate, a lithium tantalate substrate, a langasite substrate, 
and the Xtal substrate according to the publication of JP,8-78985,A. However, it has become clear in 
fact from the substrate of these piezo-electric single crystals that it is impossible to cut down vibrator in 
a good precision. Specifically, it is C02. When laser was irradiated at these substrates, the crack 
occurred and cutting processing was impossible. Moreover, when Nd-YAG laser was irradiated, 
processing hardly advanced. Thus, even if it irradiated the laser beam at the base material of a piezo- 
electric single crystal, it became clear that it is impossible to carry out precision processing of the 
appearance of vibrator. From these reasons, the technique which mass-produces vibrator with a fixed 
precision from the base material of a piezo-electric single crystal is searched for. 
[0009] The technical problem of this invention is offering the new processing approach which can mass- 
produce a piezo-electric member, holding the process tolerance of a piezo-electric member on the 
occasion of forming a piezo-electric predetermined member from the base material of a piezo-electric 
single crystal. 
[0010] 

[Means for Solving the Problem] This invention is the manufacture approach of the piezo-electric 
member which consists of a piezo-electric single crystal, and relates to the manufacture approach of the 
piezo-electric member which irradiates laser Ught to the base material which consists of a piezo-electric 
single crystal, and the molecule of a base material dissociates and evaporates by the photochemistry- 
reaction, and is characterized by to perform the processing which shifts the light-absorption field of a 
piezo-electric single crystal from a base material to a long wavelength side on the occasion of carrying 
out removal processing of said piezo-electric single crystal to a piezo-electric single crystal. 
[001 1] this invention person acquired the following knowledge, as a result of considering the cause of 
failure in a detail fiuther, after the experiment which cuts the base material which consists of a piezo- 
electric single crystal with laser light went wrong. That is, when a laser beam is irradiated, carries out 
heating melting and is processed to the base material of a piezo-electric single crystal, rapid heating and 
quenching happen locally in the exposure part of a base material. 

[0012] However, a piezo-electric single crystal especially lithium niobate, Hthium tantalate, etc. are very 
weak to a thermal shock. It is because pyroelectricity will occur rapidly on the part from which 
temperature changed, and the outskirts of it and a crack will occur imescapable, if there is a rapid 
temperature change inside a piezo-electric single crystal. For example, C02 When the laser beam 
(wavelength of 10.6 micrometers) was irradiated, many cracks expected to originate in such 
pyroelectricity occurred, and this could not be controlled, but processing on parenchyma was 
impossible. 

[0013] For this reason, this invention person examined whether paying attention to the so-called laser 
ablation technique, a laser ablation technique would be inapplicable to the process which cuts a piezo- 
electric single crystal and manufactures a trembler. Carrying out cutting processing of the piezo-electric 
single crystal ingredient with a laser ablation technique conventionally does not have a similar case. 
[0014] this invention person discovered that cutting processing of the base material which consists of a 
lithium niobate single crystal, a lithium tantalate single crystal, and Xtal could be carried out by using 
the 4th higher harmonic wave and excimer laser of Nd-YAG laser. 

[0015] However, while advancing this research fiirther, it discovered that the room of an improvement 
was still left behind at the following point. 

[0016] For example, when the 4th higher harmonic wave of Nd-YAG laser was used and piezo-electric 
single crystals, such as lithium niobate, lithium tantalate, and langasite, were processed, it was about 4 
micrometers or less, and center line average surface roughness Ra of a processing cross section was very 
highly precise, and was able to process it. The wavelength of the 4th higher harmonic wave of Nd-YAG 
laser is 266nm, and since the edge of the light absorption field of piezo-electric single crystals, such as 
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lithium niobate, is near 300-350mn, this is considered to have become perfect ablation processing. 
[0017] However, generally the output of a high order higher harmonic is small, for example, the time of 
using the laser oscillation equipment of the same scale in the case of Nd-YAG laser — the output of the 
4th higher harmonic (266nm) - about 250mW ~ it is - the output of the 3rd higher harmonic (355nm) - 
- about 1 -1 .5W — it is — the output of the second higher harmonic (532nm) — about 2 — it is -3W. 
Moreover, in the case of the Ar ion laser, the laser light of various kinds of wavelength by within the 
limits of 300-530nm is oscillated, but the direction of the laser light by the side of long wavelength has a 
large output too. 

[0018] liius, in the laser light which generally has wavelength with a wavelength of 200-600nm, the 
output of laser light with long wavelength is larger than the output of laser light with short wavelength. 
Therefore, it becomes possible by processing a piezo-electric single crystal base material using laser 
hght with long wavelength to mass-produce a piezo-electric member further. It is required to process a 
piezo-electric single crystal base material with high process tolerance at such a point, even when the 
laser light by the side of long wavelength is used further. 

[0019] Moreover, this invention person conducted the processing experiment of the Xtal base material 
using the 4th higher harmonic of Nd-YAG laser, and discovered that cutting processing of the Xtal base 
material was possible. When the configuration of the processing cross section of this base material was 
observed, there is no difference of the configuration between the front face of a base material like [ in 
etching ] and a rear face, and the improvement was found fundamentally. However, center line average 
surface roughness Ra of the cutting plane of a base material is about 120 micrometers, and still had the 
room of an improvement at the point of process tolerance as compared with the case where base 
materials, such as lithium niobate, are processed. 

[0020] this invention person also considered this cause and acquired the following knowledge. That is, 
the edge of the light absorption field of Xtal is about 180 micrometers, and has a difference 80nm or 
more with the 4th higher harmonic of Nd-YAG laser. For this reason, since the light absorption 
multiplier is low, it is thought that the piezo-electric single crystal is purely cut by not photochemistry 
ablation processing but the multiple-photon-absorption process, and it has thermal influence. This is 
called false thermal processing. Under this thermal effect, it is thought that the front face of the cutting 
plane of a piezo-electric single crystal base material was ruined. 

[0021] this invention person stood on such knowledge, irradiated laser light to the base material which 
consists of a piezo-electric single crystal, dissociated and evaporated the molecule of a base material by 
the photochemistry-reaction, and hit on an idea of performing processing which shifts the light 
absorption field of a piezo-electric single crystal from a base material to a long wavelength side before 
carrying out removal processing of the piezo-electric single crystal to a piezo-electric single crystal. 
[0022] It became possible to process a piezo-electric single crystal base material with hi^ process 
tolerance by this, even when the laser light by the side of long wavelength is used. Thus, since the 
output of the laser hght by the side of long wavelength was larger than the output of the laser light by 
the side of short wavelength, it can raise the working speed of a piezo-electric single crystal base 
material, and could mass-produce it. Moreover, when an absorption wavelength edge is in the short 
wavelength side of 200nm or less like Xtal, the edge of an absorption-of-light field can be shifted to a 
wavelength field 200nm or more by the aforementioned processing, and by this, as thermal a 
decomposition fault as the decomposition fault of a photochemistry-base material can also produce a 
twist preferentially, and can raise process tolerance further. 

[0023] Hereafter, a still more concrete operation gestalt is described. Although the absorption 
wavelength field of the base material which should be processed determines the wavelength of laser 
Hght, it is desirable that the wavelength of laser light is +50nm or less from the absorption wavelength 
field edge of a base material, and it is much more desirable that the wavelength of laser hght is below 
the absorption wavelength field edge of a base material. As for the wavelength of laser light, for that, it 
is desirable that it is especially 600nm or less. Now as the actual light source, 488 etc.nm of an excimer 
laser, an excimer lamp, the foiulh higher harmonic (266nm) of Nd-YAG, the triple harmonic (355nm) of 
Nd-YAG, the secondary higher harmonic (532nm) of Nd-YAG, and an Ar ion laser etc. is practical. 
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[0024] An excimer laser is the pulse repeat oscillation laser of ultraviolet rays, arranges directivity with 
an optical resonance machine, and takes out the ultraviolet radiation which the compound of the shape 
of a gas, such as ArF (wavelength of 193nm), KrF (wavelength of 248nm), and XeCl (wavelength of 
308nm), oscillates. 

[0025] Ablation processing using an excimer laser is used for opening a hole for micro processing, such 
as polyimide, and it is reported that formation of a hole with a good detailed configuration is possible. 
As reference about the applied technology of an excimer laser, the "O plus E" November, 1995 issue 
and a page [ 64- 108th ] special edition "the excimer laser which entered at the practical use term" can be 
mentioned. 

[0026] As irradiation equipment of laser light, the so-called equipment of an one-shot exposure method 
and the equipment of a multiple echo method are known. In the case of the multiple echo method, also 
when the hole density of a mask is small, it has the description that the utilization factor of light is high. 
In this invention, it is much more desirable to use the irradiation equipment by the multiple echo system. 

[0027] Especially as a piezo-electric single crystal, the Xtal, lithium-niobate, lithium tantalate, and 
lithium-niobate-lithium tantalate solid solution and langasite (La3 Ga5 SiOl 4) are desirable, and the 
lithium-niobate, lithium tantalate, and lithium-niobate-lithium tantalate soHd solution or langasite is 
much more desirable. Moreover, the mixed-crystal system piezo-electricity single crystal of titanic-acid 
lead zirconate (PZT), a relaxer compound (general-formula-b(Al/3 B-2/3) 03 : A is Cd, Zn, Mg, etc. 
here and B is Nb, Ta, W, etc.), and a titanic-acid lead zirconate and a relaxer compound can be 
illustrated. 

[0028] The absorption wavelength edge of Xtal is about 180nm, and there is little practical laser which 
has the wavelength not more than this. For this reason, the light absorption field of Xtal is shifted to a 
long wavelength side by adding 30 ppm or more of transition-metals elements 5 or less % of the weight 
for Xtal. By this, the wavelength of the laser light to be used is brought close to the wavelength of the 
absorption wavelength edge of Xtal, and the wavelength of laser light is shortened preferably. As this 
transition-metals element, iron, cobalt, and nickel are desirable and iron is much more desirable. 
[0029] Although an absorption wavelength edge is 1 80nm when iron is made to contain in Xtal, and a 
content is 1 ppm, when a content is 100 ppm, it is set to 260nm, and, in the case of 300 ppm, shifts at 
320nm. 

[0030] Moreover, Xtal called amethyst (amethyst) makes Xtal color purple by irradiating the gamma ray 
by the cobalt 60 to Xtal containing about 100 ppm iron. Although the light absorption field by the side 
of the short wavelength of amethyst is the same as the light absorption field of Xtal of a basis, two 
absorption fields near 350 morenm and near 550nm are newly generating it. Although it thought since 
the color center by the electronic transition was made, also to the amethyst which has such an absorption 
field, according to this invention, this irradiated laser light and was able to be processed in 
photochemistry. 

[0031] Moreover, although the absorption wavelength edge of lithium niobate and a lithium tantalate 
single crystal is about 320nm, for example, by adding iron to this, an absorption wavelength edge can be 
lengthened to 400nm or more, and a new absorption field is generated also in 500-600nm. By this, 
photochemistry-processing was attained with 488 etc.rmi of the triple harmonic (355nm) of Nd-YAG, 
the secondary higher harmonic (532nm) of Nd-YAG, and an Ar ion laser etc. 

[0032] The absorption-of-light wavelength edge of the usual lithium niobate single crystal is 320nm, for 
example, even if it irradiates laser light with a wavelength of 532nm, light absorption does not happen 
but, specifically, laser light completely penetrates a single crystal. For this reason, since it becomes 
thermoforming like the case of carbon dioxide laser as a mechanism of processing, for the heat added 
fi-om laser light to a single crystal at the time of processing, a crack occurs in a single crystal and a 
processing side becomes an ununiformity. 
[0033] 
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TECHNICAL FIELD 



[Field of the Invention] This invention relates to the manufacture approach of single crystal piezo- 
electricity members, such as a piezoelectric transducer. 



[Translation done.] 



http://www4.ipdLncipi.K0.ip/cgi-bin/tran web cgi eiie 



8/22/2005 



*JP,10-163779,A [PRIOR ART] 



Page 1 of 1 



♦NOTICES* 

JPO and NCIPI are not responsible for any 
damages caused by the use o£ this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



PRIOR ART 



[Description of the Prior Art] The oscillatory type gyroscope using the piezo electric crystal as an 
angular- velocity sensor for detecting the angular rate of rotation in a rotation system is used as an object 
for the check of locations, such as an aircraft, and a vessel, a space satellite. Recently, it is used for car 
navigation, VTR, detection of the hand deflection of a still camera, etc. as a noncommercial field. 
[0003] Such a piezo-electric oscillatory type gyroscope will use that Coriohs force arises in the vibration 
and direction of a right angle, if angular velocity joins the body which is vibrating. And the principle is 
analyzed with a dynamic model (for example, an "elastic wave component technical handbook", Ohm- 
Sha, the 491 -497th page). And various things are proposed as a piezo-electric mold oscillating 
gyroscope until now. For example, the Sperry tuning fork mold gyroscope, the Watson tuning fork mold 
gyroscope, the forward triangle pole mold vibrating reed gyroscope, the cylindrical vibrating reed 
gyroscope, etc. are known. 

[0004] The piezo-electric oscillatory type gyroscope is summarized into the "piezo-electric form 
oscillating gyroscope angular-velocity sensor" (Institute of Electronics, Information and Communication 
Engineers paper magazine C-I, Vol.J78- C-I No. 11 the 547-556th page, November, 1995 issue). 
Moreover, the so-called tuning fork type of piezoelectric transducer is indicated by JP,8-1 14457, A. 
[0005] However, in order to develop the oscillatory type gyroscope which used the piezoelectric 
transducer for a still newer application, the mass production technology is the most important. However, 
it was very difficult to mass-produce the vibrator which consists of a piezo-electric single crystal, 
securing sufficient precision. As current and the processing approach of a single crystal, etching 
processing is usual. Moreover, in JP,8-78985,A, the approach of forming a piezo resonator by the 
exposure of a laser beam is proposed. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] As stated above, according to this invention, on the occasion of forming a 
piezo-electric member from the base material of a piezo-electric single crystal, the process tolerance of 
the appearance of a piezo-electric member is raised, and the new processing approach which can be 
mass-produced can be offered. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] In processing a single crystal base material by etching, the 
configuration of a processing cross section becomes unsymmetrical on the side front and backgroimd of 
a single crystal base material, and there is a problem that process tolerance is low. Thus, if the 
configuration of an etching side becomes unsymmetrical on the side front and background of a base 
material, by this, the different unnecessary oscillation mode from a simulation value will occur, and it 
will become the cause of increase of a noise signal. 

[0007] Moreover, in JP,8-78985,A, the piezo electric crystal plate which prepared the vibrating 
electrode was irradiated operating the laser beam condensed by condensing means, such as a lens, and it 
has proposed starting the piezo resonator whose end face is an inclined plane by this. As a class of piezo 
electric crystal, it is PZT, Xtal, and LiTa03. It is illustrated and they are a helium neon laser and C02 as 
a class of laser beam. Solid state laser, such as gas laser, such as laser, an argon laser, krypton ion laser, 
and xenon laser, ruby laser, and an YAG laser, is mentioned. Specifically, the YAG laser with a 
reinforcement of 4W is irradiated at the mother board of 1.5mm of board thickness. 
[0008] this invention person is the purpose which cuts down the piezoelectric transducer for angular- 
rate-of-rotation sensors from a piezo-electric single crystal plate, and conducted the experiment which 
cuts down vibrator from a lithium-niobate substrate, a lithium tantalate substrate, a langasite substrate, 
and the Xtal substrate according to the publication of JP,8-78985,A. However, it has become clear in 
fact from the substrate of these piezo-electric single crystals that it is impossible to cut down vibrator in 
a good precision. Specifically, it is C02. When laser was irradiated at these substrates, the crack 
occurred and cutting processing was impossible. Moreover, when Nd-YAG laser was irradiated, 
processing hardly advanced. Thus, even if it irradiated the laser beam at the base material of a piezo- 
electric single crystal, it became clear that it is impossible to carry out precision processing of the 
appearance of vibrator. From these reasons, the technique which mass-produces vibrator with a fixed 
precision from the base material of a piezo-electric single crystal is searched for. 
[0009] The technical problem of this invention is offering the new processing approach which can mass- 
produce a piezo-electric member, holding the process tolerance of a piezo-electric member on the 
occasion of forming a piezo-electric predetermined member from the base material of a piezo-electric 
single crystal. 
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MEANS 



[Means for Solving the Problem] This invention is the manufacture approach of the piezo-electric 
member which consists of a piezo-electric single crystal, and relates to the manufacture approach of the 
piezo-electrie member which irradiates laser light to the base material which consists of a piezo-electric 
single crystal, and the molecule of a base material dissociates and evaporates by the photochemistry- 
reaction, and is characterized by to perform the processing which shifts the light-absorption field of a 
piezo-electric single crystal firom a base material to a long wavelength side on the occasion of carrying 
out removal processing of said piezo-electric single crystal to a piezo-electric single crystal. 
[001 1] this invention person acquired the following knowledge, as a result of considering the cause of 
failure in a detail further, after the experiment which cuts the base material which consists of a piezo- 
electric single crystal with laser light went wrong. That is, when a laser beam is irradiated, carries out 
heating melting and is processed to the base material of a piezo-electric single crystal, rapid heating and 
quenching happen locally in the exposure part of a base material. 

[0012] However, a piezo-electric single crystal especially lithium niobate, lithium tantalate, etc. are very 
weak to a thermal shock. It is because pyroelectricity will occur rapidly on the part from which 
temperature changed, and the outskirts of it and a crack will occur unescapable, if there is a rapid 
temperature change inside a piezo-electric single crystal. For example, C02 When the laser beam 
(wavelength of 10.6 micrometers) was irradiated, many cracks expected to originate in such 
pyroelectricity occurred, and this could not be controlled, but processing on parenchyma was 
impossible. 

[0013] For this reason, this invention person examined whether paying attention to the so-called laser 
ablation technique, a laser ablation technique would be inappUcable to the process which cuts a piezo- 
electric single crystal and manufactures a trembler. Carrying out cutting processing of the piezo-electric 
single crystal ingredient with a laser ablation technique conventionally does not have a similar case. 
[0014] this invention person discovered that cutting processing of the base material which consists of a 
lithium niobate single crystal, a lithium tantalate single crystal, and Xtal could be carried out by using 
the 4th higher harmonic wave and excimer laser of Nd-YAG laser. 

[0015] However, while advancing this research further, it discovered that the room of an improvement 
was still left behind at the following point. 

[0016] For example, when the 4th higher hamionic wave of Nd-YAG laser was used and piezo-electric 
single crystals, such as lithium niobate, lithium tantalate, and langasite, were processed, it was about 4 
micrometers or less, and center line average surface roughness Ra of a processing cross section was very 
highly precise, and was able to process it. The wavelength of the 4th higher harmonic wave of Nd-YAG 
laser is 266nm, and since the edge of the light absorption field of piezo-electric smgle crystals, such as 
lithiimi niobate, is near 300-350nm, this is considered to have become perfect ablation processing. 
[0017] However, generally the output of a high order higher harmonic is small, for example, the time of 
using the laser oscillation equipment of the same scale in the case of Nd-YAG laser — the output of the 
4th higher harmonic (266nm) - about 250mW ~ it is - the output of the 3rd higher harmonic (355nm) - 
- about 1 -1 .5W - it is - the output of the second higher harmonic (532mn) — about 2 — it is -3W. 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi ejje 



8/22/2005 



^ •JP,10-163779,A [MEANS] 



Page 2 of 6 



Moreover, in the case of the Ar ion laser, the laser light of various kinds of wavelength by within the 
limits of 300-530nm is oscillated, but the direction of the laser light by the side of long wavelength has a 
large output too. 

[0018] Thus, in the laser light which generally has wavelength with a wavelength of 200-600nm, the 
output of laser light with long wavelength is larger than the output of laser light with short wavelength. 
Therefore, it becomes possible by processing a piezo-electric single crystal base material using laser 
light with long wavelength to mass-produce a piezo-electric member fiuther. It is required to process a 
piezo-electric single crystal base material with high process tolerance at such a point, even when the 
laser light by the side of long wavelength is used further, 

[0019] Moreover, this invention person conducted the processing experiment of the Xtal base material 
using the 4th higher harmonic of Nd-YAG laser, and discovered that cutting processing of the Xtal base 
material was possible. When the configuration of the processing cross section of this base material was 
observed, there is no difference of the configuration between the front face of a base material like [ in 
etching ] and a rear face, and the improvement was found fundamentally. However, center line average 
surface roughness Ra of the cutting plane of a base material is about 120 micrometers, and still had the 
room of an improvement at the point of process tolerance as compared with the case where base 
materials, such as lithium niobate, are processed. 

[0020] this invention person also considered this cause and acquired the following knowledge. That is, 
the edge of the light absorption field of Xtal is about 180 micrometers, and has a difference 80nm or 
more with the 4th higher harmonic of Nd-YAG laser. For this reason, since the light absorption 
multiplier is low, it is thought that the piezo-electric single crystal is purely cut by not photochemistry 
ablation processing but the multiple-photon-absorption process, and it has thermal influence. This is 
called false thermal processing. Under this thermal effect, it is thought that the firont face of the cutting 
plane of a piezo-electric single crystal base material was ruined. 

[0021] this invention person stood on such knowledge, irradiated laser light to the base material which 
consists of a piezo-electric single crystal, dissociated and evaporated the molecule of a base material by 
the photochemistry-reaction, and hit on an idea of performing processing which shifls the light 
absorption field of a piezo-electric single crystal from a base material to a long wavelength side before 
carrying out removal processing of the piezo-electric single crystal to a piezo-electric single crystal. 
[0022] It became possible to process a piezo-electric single crystal base material with high process 
tolerance by this, even when the laser Hght by the side of long wavelength is used. Thus, since the 
output of the laser light by the side of long wavelength was larger than the output of the laser light by 
the side of short wavelength, it can raise the working speed of a piezo-electric smgle crystal base 
material, and could mass-produce it. Moreover, when an absorption wavelength edge is in the short 
wavelength side of 200nm or less like Xtal, the edge of an absorption-of-light field can be shifted to a 
wavelength field 200nm or more by the aforementioned processing, and by this, as thermal a 
decomposition fault as the decomposition fault of a photochemistry-base material can also produce a 
twist preferentially, and can raise process tolerance further. 

[0023] Hereafter, a still more concrete operation gestalt is described. Although the absorption 
wavelength field of the base material which should be processed determines the wavelength of laser 
light, it is desirable that the wavelength of laso: light is +50nm or less fi-om the absorption wavelength 
field edge of a base material, and it is much more desirable that the wavelength of laser hght is below 
the absorption wavelength field edge of a base material. As for the wavelength of laser light, for that, it 
is desirable that it is especially 600nm or less. Now as the actual light source, 488 etc.nm of an excimer 
laser, an excimer lamp, the fourth higher harmonic (266nm) of Nd-YAG, the triple harmonic (355imi) of 
Nd-YAG, the secondary higher harmonic (532nm) of Nd-YAG, and an Ar ion laser etc. is practical. 
[0024] An excimer laser is the pulse repeat oscillation laser of ultraviolet rays, arranges directivity with 
an optical resonance machine, and takes out the ultraviolet radiation which the compoimd of the shape 
of a gas, such as ArF (wavelength of 193nm), KrF (wavelength of 248mn), and XeCl (wavelength of 
308nm), oscillates. 

[0025] Ablation processing using an excimer laser is used for opening a hole for micro processing, such 
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as polyimide, and it is rq)orted that formation of a hole with a good detailed configuration is possible. 
As reference about the applied technology of an excimer laser, the "O plus E" November, 1995 issue 
and a page [ 64- 108th ] special edition "the excimer laser which entered at the practical use term" can be 
mentioned. 

[0026] As irradiation equipment of laser light, the so-called equipment of an one-shot exposure method 
and the equipment of a multiple echo method are known. In the case of the multiple echo method, also 
when the hole density of a mask is small, it has the description that the utilization factor of light is high. 
In this invention, it is much more desirable to use the irradiation equipment by the multiple echo system. 

[0027] Especially as a piezo-electric single crystal, the Xtal, lithium-niobate, Hthiimi tantalate, and 
lithium-niobate-lithium tantalate solid solution and langasite (La3 Ga5 SiOl 4) are desirable, and the 
lithium-niobate, lithium tantalate, and lithium-niobate-Uthium tantalate solid solution or langasite is 
much more desirable. Moreover, the mixed-crystal system piezo-electricity single crystal of titanic-acid 
lead zirconate (PZT), a relaxer compound (general- formula-b(Al/3 B-2/3) 03 : A is Cd, Zn, Mg, etc. 
here and B is Nb, Ta, W, etc.), and a titanic-acid lead zirconate and a relaxer compound can be 
illustrated. 

[0028] The absorption wavelength edge of Xtal is about 180nm, and there is little practical laser which 
has the wavelength not more than this. For this reason, the light absorption field of Xtal is shifted to a 
long wavelength side by adding 30 ppm or more of transition-metals elements 5 or less % of the weight 
for Xtal. By this, the wavelength of the laser light to be used is brought close to the wavelength of the 
absorption wavelength edge of Xtal, and the wavelength of laser light is shortened preferably. As this 
transition-metals element, iron, cobalt, and nickel are desirable and iron is much more desirable. 
[0029] Although an absorption wavelength edge is ISOnm when iron is made to contain in Xtal, and a 
content is 1 ppm, when a content is 100 ppm, it is set to 260nm, and, in the case of 300 ppm, shifts at 
320nm. 

[0030] Moreover, Xtal called amethyst (amethyst) makes Xtal color purple by irradiating the gamma ray 
by the cobalt 60 to Xtal containing about 100 ppm iron. Although the light absorption field by the side 
of the short wavelength of amethyst is the same as the hght absorption field of Xtal of a basis, two 
absorption fields near 350 morenm and near 550nm are newly generating it. Although it thought since 
the color center by the electronic transition was made, also to the amethyst which has such an absorption 
field, according to this invention, this irradiated laser light and was able to be processed in 
photochemistry. 

[0031] Moreover, although the absorption wavelength edge of lithium niobate and a lithium tantalate 
single crystal is about 320nm, for example, by adding iron to this, an absorption wavelength edge can be 
lengthened to 400nm or more, and a new absorption field is generated also in 500-600nm. By this, 
photochemistry-processing was attained with 488 etcnm of the triple harmonic (355nm) of Nd-YAG, 
the secondary higher harmonic (532nm) of Nd-YAG, and an Ar ion laser etc. 

[0032] The absorption-of-Hght wavelength edge of the usual lithium niobate single crystal is 320nm, for 
example, even if it irradiates laser light with a wavelength of 532nm, light absorption does not happen 
but, specifically, laser light completely penetrates a single crystal. For this reason, since it becomes 
thermoforming like the case of carbon dioxide laser as a mechanism of processing, for the heat added 
fi-om laser light to a single crystal at the time of processing, a crack occurs in a single crystal and a 
processing side becomes an ununiformity. 

[0033] On the other hand, if iron is added 1% to a lithium niobate single crystal, an absorption-of-hght 
wavelength edge will shift to 370nm, and a new light absorption field will be generated in 450-550nm. 
This new light absorption field is a light absorption field based on the charge transfer between iron ion 
and niobium ion. Almost pure photochemistry-processing was attained with this by the laser light within 
the limits of 320-550nm. 

[0034] Thus, when a transition-metals atom was made to contain in a single crystal and the content was 
5% or less, there were few bad influences to piezoelectric ability. 

[0035] Moreover, with other operation gestalten of this invention, the light absorption field of a piezo- 
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electric single crystal is shifted to a long wavelength side by heat-treating a piezo-electric single crystal 
in 3% or less of oxygen content ambient atmosphere, or a reducing atmosphere. This is especially 
effective to a lithium niobate single crystal, a lithium tantalate single crystal, and a lithium-niobate- 
lithium tantalate solid-solution single crystal. Some valences of the niobium atom in a single crystal 
change with heat treatments of the single crystal in the inside of such a hypoxia ambient atmosphere, 
and a spectrum changes with these. 

[0036] For example, when the lithium niobate single crystal was heat-treated at 1 150 degrees C in the 
ambient atmosphere of 1% of oxygen, and remainder nitrogen for 2 hours, a new light absorption field 
appeared near SOOnm. Moreover, the whole lithium niobate single crystal was able to be made to black- 
ize by presenting heat treatment much more in an elevated temperature [****/ presenting heat 
treatment in the ambient atmosphere of a still lower oxygen density ] with a lithium niobate single 
crystal, or presenting much more prolonged heat treatment with it. As for the temperature of this heat 
treatment, it is desirable to consider as 1050-1250 degrees C. 

[0037] Moreover, in this invention, while adding transition-metals atoms, such as iron, cobalt, and 
nickel, to each single crystal, this single crystal can be heat-treated in the oxygen content ambient 
atmosphere of 3% or less of oxygen densities, or a reducing atmosphere. 

[0038] In this invention, the so-called spot scan processing, package imprint processing, and slit scan 
processing can be mentioned as the processing approach which carries out cutting processing of the 

piezo-electric single crystal by laser light. 

[0039] In the desirable operation gestalt of this invention, vibrator is vibrator for angular-rate-of-rotation 
sensors, and drive vibration and detection vibration of vibrator are performed in a predetermined flat 
surface. This operation gestalt is further explained to a detail. 

[0040] this invention person has conducted the experiment which produces the vibrator which can detect 
the angular rate of rotation by sensibility high enough, without preparing the lobe of fixed weight toward 
the direction of a revolving shaft from vibrator, also when vibrator is installed so that the oscillating arm 
of vibrator may be perpendicularly prolonged to a revolving shaft. Such a trembler can be used for the 
rotational-speed sensor used for the car control system of the car-body rotational-speed feedback type of 
an automobile. In this system, angle of rotation of a handle detects the direction of a steering wheel 
itself An oscillating gyroscope detects the rotational speed which can come, simultaneously the car 
body is actually rotating. And stable car-body control is realized by measuring the direction of a steering 
wheel, and the rotational speed of an actual car body, searching for a difference, and adding amendment 
to wheel torque and a steering angle based on this difference. 

[0041] For this reason, this invention person succeeded in manufacturing vibrator made from a piezo- 
electric single crystal with which drive vibration and detection vibration of vibrator are performed in a 
predetermined flat surface by the approach of this invention. Laser light is irradiated according to this 
invention, and this whole vibrator can be formed in the base material which consists of single crystal 
sheet metal by carrying out cutting processing of the base material. 

[0042] Such vibrator is suitable as vibrator of the sensor for mount which needs temperature stability 
especially to a temperature change since it is insensible. This point is explained fiirther. As an angular- 
velocity sensor which used the vibrator of a tuning fork mold, there is a piezo-electric oscillatory type 
gyroscope indicated by JP,8-128833,A, for example. However, in such vibrator, vibrator vibrates toward 
two directions. That is, it vibrates also to a Z direction with vibrator vibrating in a X-Y flat sxirface. For 
this reason, when it forms with a single crystal which described especially vibrator above, it is necessary 
to double the property of the 2-way of a single crystal. 

[0043] On the other hand, generally, with the piezo-electric oscillatory type gyroscope, in order to make 
sensitometry good, it is required that a fixed oscillation frequency difference should be maintained 
between the natural frequency of the oscillation mode of a drive and the natural frequency of the 
oscillation mode of detection. However, when the single crystal has an anisotropy and the crystal face 
changes, the degrees of the temperature change of oscillation frequency differ. For example, when it cuts 
along a certain specific crystal face, there is almost no temperature change of oscillation frequency, but 
when it cuts along another crystal face, oscillation frequency reacts to a temperature change sensitively. 
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[0044] Here, if vibrator vibrates toward two directions, one [ at least ] field will turn into the crystal face 
where the temperature change of oscillation frequency is large between two planes of vibration. 
[0045] On the other hand, by forming vibrator, it is made not to be influenced of the anisotropy of the 
above mentioned single crystal, and only the crystal face with the most sufficient property of a piezo- 
electric single crystal can be used now in vibrator so that the whole vibrator may be vibrated in a 
predetermined flat surface. 

[0046] Since vibration of vibrator is altogether performed in the single flat surface, specifically, vibrator 
can be manufactured only using the crystal face which does not almost have the temperature change of 
oscillation fi-equency among piezo-electric single crystals. By this, an oscillatory type gyroscope with 
very high temperature stability can be offered. 

[0047] Such vibrator is illustrated. First, it is the vibrator which consists of a base material for fixing to 
an external holddown member the tuning fork mold vibrator which comes to join an oscillating piece 
together by the base in a predetermined flat surface and this tuning fork mold vibrator of a pair in a 
predetermined flat surface, and it can constitute so that the curvature movement which uses as the 
supporting point the fixed portion which connected with the base material with the holddown member of 
a base material into the predetermined flat surface may arise, 

[0048] Drawing 1 is the perspective view showing the vibrator 1 concerning this operation gestalt. 
Vibrator 1 is equipped with tuning fork mold vibrator and a base material 2. Tuning fork mold vibrator 
is equipped with ttie oscillating pieces 3A and 3B of a pair, and each oscillating pieces 3 A and 3B are 
connected through the connection 5 and the base 4 to a part for the point of a base material 2 in the X-Y 
flat surface, respectively. The other end of a base material 2 is being fixed in XY flat surface to the 
external holddown member 6. The oscillating pieces 3A and 3B of a pair are almost parallel mutually, 
and are prolonged in parallel to the base material 2. Each connection 5 is prolonged to the abbreviation 
perpendicular direction to the base material 2. 

[0049] With the excitation means which is not illustrated, vibration as shown by the arrow head B is 
excited so that a phase may become reverse completely in a X-Y flat surface at each oscillating pieces 
3A and 3B. In this condition, if the whole vibrator 1 is rotated by the angular rate of rotation omega 
focusing on the Z-axis, as an arrow head D shows, along with a Y-axis, the force of the reverse sense 
will act on each oscillating pieces 3A and 3B mutually according to Coriolis force. Consequently, in 
tuning fork mold vibrator, the moments CI and C2 of the same direction work to each other centering on 
a base 4 by the base 4 and both-ends side of the connection part 5. The crookedness vibration A within 
XY flat surface centering on that fixed portion 7 arises in a base material 2 with these moments CI and 
C2. The angular rate of rotation omega can be measured by detecting with a crookedness signal 
detection means by which this crookedness vibration A is not illustrated. 

[0050] Moreover, it has at least one crookedness oscillating piece prolonged in the direction which 
crosses to the die-length direction of a base to a base and a base, it is formed so that a base and a 
crookedness oscillating piece may be substantially prolonged in a predetermined flat surface, and it 
illustrates about the vibrator with which one edge of the base of vibrator is being fixed. 
[0051] Drawing 2 is the front view showing this vibrator 9. In vibrator 9, the base 10 has extended 
perpendicularly from the holddown member 6, and one edge 10a of a base 10 is being fixed to the 
holddown mraiber 6. The predetermined excitation means 14A and 14B are estabKshed in the base 10. 
Two crookedness oscillating pieces 12A and 12B perpendicularly prolonged to a base 10 in the other- 
end section 10b side of a base 10 are formed. 

[0052] The mode of vibration of this vibrator 9 is explained. Driver voltage is impressed to the 
excitation means 14A and 14B, and crookedness vibration is carried out as a base 10 is shown in an 
arrow head E focusing on the fixed portion 7 to a holddown member 6. Not only the base 10 of vibrator 
9 but each point of each crookedness oscillating pieces 12A and 12B vibrates like an arrow head E with 
this crookedness vibration. 

[0053] A revolving shaft is set as the Z-axis and the z-axis is rotated for vibrator 9 as a core. As shown 
in an arrow head E, when carrying out crookedness vibration of the base 10, when the Z-axis is rotated 
as a core, as an arrow head F shows the whole vibrator 9, Coriolis force acts. Consequently, each 
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crookedness oscillating pieces 12A and 12B carry out crookedness vibration, as an arrow head F shows 
focusing on the connection part 1 1 with other-end section 10b of a base 10, respectively. 
[0054] Thus, by crookedness vibration of a base 10, the Coriohs force generated in a X-Y flat surface in 
each crookedness oscillating pieces 12A and 12B can be changed into a crookedness vibration centering 
on the connection part 1 1 of each crookedness oscillating pieces 12A and 12B, and it can ask for the 
angular rate of rotation from the crookedness vibration. Even if it installs vibrator so that the oscillating 
arm of vibrator may be perpendicularly prolonged to a revolving shaft Z by this, the angular rate of 
rotation is detectable by high sensitivity. 

[0055] Since vibrator is formed with a piezo-electric single crystal in this invention, it is an excitation 
means. 
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* NOTICES * 

JPO and NCZPI are not responsible £or any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the perspective view showing one gestalt of the vibrator which can be manufactured by 
the approach of this invention. 

[Drawing 2] It is the front view showing one gestalt of the vibrator which can be manufactured by the 
approach of this invention. 

[Drawing 3] It is the front view showing one gestalt of the vibrator which can be manufactured by the 
approach of this invention. 

[Drawing 4] It is the front view showing one gestalt of the vibrator which can be manufactured by the 
approach of this invention. 
[Description of Notations] 

1, 9, 18, 25 Vibrator 2 Base material 3 A, 3B Oscillating piece of a pair 6 17 External holddown member 
7 Fixed portion to the holddown member 6 of vibrator 10 24 Base 12A, 12B, 27A, 27B Two 
crookedness oscillating pieces perpendicularly prolonged to a base 13A, 13B, 13C, 13D, 14A, 14B, 
21 A, 2 IB 28A, 28B, 28C, 28D Excitation means (detection means) 19 Fixed piece section 40 Piece of 
resonance A Crookedness vibration of a base material 2 

B Vibration of each oscillating pieces 3 A and 3B CI, C2 The rotational moment E Crookedness 
vibration centering on the fixed portion 7 of a base 10 F Each crookedness oscillating piece 12 A, 
Crookedness vibration centering on the connection part 1 1 of 12B G Vibration centering on the 
connection part 22 of the piece 40 of resonance H Vibration centering on the connection part 25 of a 
base 24 1 Crookedness oscillating piece 27A, Vibration centering on the connection part 26 of 27B X, Y 
Predetermined flat surface where vibrator vibrates Z Revolving shaft 
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Abstract of JP10163779 

PROBLEM TO BE SOLVED: To provide a working method for the mass-production of piezoelectric 
members while l^eeping the working accuracy of piezoelectric members when forming the prescribed 
piezoelectric member from piezoelectric single crystal base materials. SOLUTION: The base material 
composed of piezoelectric single crystal is irradiated with laser light, the molecules of base material are 
dissociated and evaporated by photochemical reaction and in the case of work for removing the 
piezoelectric single crystal from the base material, processing for shifting the light absorptive area of 
piezoelectric mono-crystal to the side of longer wavelength is performed to the piezoelectric single 
crystal. It is preferable that the light absorptive area of piezoelectric single crystal to the side of longer 
wavelength by adding transition metal elements more than 30ppm and less than 5wt.% into the 
piezoelectric single crystal or performing heat treatment to the piezoelectric single crystal in the 
atmosphere in which the concentration of oxygen is less than 3%. 
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K r F (5g?^2 4Snm) , XeC I iM^BOBn 

«c II u -nt^ti^mx TKn y ai l j^t tj) ^* 

&1 li t>cr; izf^m ^ r I:, ft Jt?y:»-5«<J)^i mioM 
^ j^mSjss T-af. * c t ^iisgs ? tir u^* u- tf 

-^C'ffl}3^t«irBfig-5-:Sc»ihUTtt, fo plus 

coo 2 63 u-tr-^topsjwsiiShLTii. ivfe«>«^ 

CM 4 I /lii^lra?^ t<, - .7t:?egU3^'^A. -^V'^^l/ 
'J •T' ^V. 7SSg O - ^ V9 U A® 



ei^^b^VBfeS'S (PZT) , g7{7tr^tS*^ (-iSs^: 
P b (A1/3 B2/3 ) 03 :CCT*AttCd, Zn, M 

too 2 9) *ft4»irWA.fcf»^^^$ii;z«i^iztt. 

P pm(?)«^ira;J(&tRjS-g(«i^ 1 8 On mT- 
fe-^fti. t^«ftftj100ppmO>«6lZtt2 6Dnnit 
tji\). 30 0ppfn0>«^lr«:32 0nin}rt^7hr 

ftli. 1 OOP pmlliia)i9t^«LTt^^?K'ftlrML 
r . a /^il; h 6 o i: J: ^5 vviA ^bsjr 5-^ c h 1: J: 
r, ^^^^\z^f^^iihh(t>x^^, ^H^(r>Bm 

^^ifi. M|C350nrni^l5i:550nmf1iiSfc(D2^ 

if>mmmmmtz\z^{.ri^%>. zt\tt. ^^f'^mz 

tz. 

» U 5^ i.^ fga <l>iJ&lttsS^«tt 3 2 O n mfifiir 

oonfni:i±^r^<3-^ei:/pr^s tJTcsoo-e 
OOnm|rtiiU»®i&|iJ«3!>$^r^^* CtiCJ:^T. 
Nd- YAG(?)5:^^Plje (355nm) . N d - Y A 
Ga):i?ttSlfls8 (532nm) . ^V-f > tf 

-(?)4eenfn«:ifirj:^r. afcft:5t6&J5diDXd5»IlSir 
C0D32J ^iwiztt. ii^jfcD:::?r7«U^'>A*ls 

Ad03t<DlIS?4SsS^^gll3 2OnmrSy. WxtfiS^S 

(0033} cmzjL^Lr, z:ty§et^j^'^Lm^mz 
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7 ti' -J. 4 5 0 - 5 5 0 r, rn M'm L\y^mXrm 

too 35} ^tz. t^^m(Dimmmmmv\t. 3%Pi 
mmm^mmmizi^^y h ^n^. zti\tmzz:i7 
mnv Col tzmm^-^^m^^T fl>^isfed)«^ 

m G>^m^*¥X'(y)i^.mM\zp. itz -.©^SiigTo^w^ia 
[GO 373 $.tz. 7^Mm\zhi^T\t. ^m^mz!^. 

[00 39} ^5iQecoJ?t Lt^§i:»^aiirm^rtt. s 

\z%i LT^misi^izmif^J: blzmtfi^^Wim Lfc«^ 
\zt. ^.t^'t'fj>^om^m<r)'^mzmf>' T>r-3:ms^s5 

- H 0 ^siTmmtmvT, ^ Lizmi'^^mH^&in y 
^-\znmx'^^. Z0v7.9ju\z^i^x\t. i*€tg(D 

titmmiz.. m%\zmiumnixi'^^imHi&m^mf?i 
t>v^' Q?.:i-y\z^^xkkx^^. tur, 
is&^tmmmn^t^mfzmm^ttnvxi&^^i^. zc> 



^ irs-:? t ts^ h }vo. WMn\zmiE^%\i^^ zt\z 
[00411 :^mm. zotzm. im^mi^m 
ib^d)^i*^^. ^fm^^'^\z^':>xm&r^zt\z 
u-tf-*^p2«u m^muisiit^iztizxz, 

[00 4 25 Z(y>Xbtxmi^l'\t. ^m^t\zuix\^ 

izimv^^tz^. ^sm'Sifi^swtr^i^^^mty 
mt^. ^sL^mi^^fumitzn^m'ty^t ix 

Lrzj:o^jAmmz^^xmf^iTzi&^\z{x. *^a<D 

ria. mmm^m\zt^rz9}\z. fmix>mm^- 

\z. "Tmmmmm^m-^ztm^fi^^xi^^. 
it^u mmni5m^m-oxi5^j. t^^mmut 

coo 4 43 CCr. liift^F-ft52-:><D:fe^lw(feoi»>or^ 

m^mmii^i:^m^iti^±^i^tmm\zti:%^. 
to 0 4 5) cnidfiUT. !m^0±t^%f/i:^^fm 

om'bnmmi^^m<ohmi^'¥'\zui^Tmmv9 

C00 4 63 ^«'6^|wtt, ^i^O)}i$!)ft>j^-¥fiDl^r 
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2: t^i^z.ri^^. ^^^^mtfiW. 

As 3B^m^TBKK ^mihf^3A. 3 Bit. t^^ 

:CS^^7 ^4»>t:^:T^XY^eBrtO)«*l5i;^Aj!j5^U 
too 50) #.;t. i$2P^j>^l5TSPd)«**fej|I 

^ ir^^^r^i5mzmt}^&^iii i:fe-2fe(r>siteiii^ 

^-^^ gm^i^^ 4 A. 1 4 eizjt^urisi^s^epjio 

1 2A. i2B0)§*t», ^^^iBff>J:z^\zmi^t^. 
100 53) zm^mmtu JSft^^Q^sztt^*? 



[0054) z<r>Xb\z. oofs^mmzjio 

r. 1 2A. 1 2BIZjSLNTX- Y^ffij*) 

iiie*r^>au^utj^, =&s*j6tJ)i^i 2 A. i 2b 
,*:oTJI^J5$r^o)T, Cl^^ai^JgE) n 4 A. 1 

4 8. 13 A. 13B. 1 3C. 1 3 D fc tr It. <6« 

^i^mt^. iSitzim^^^ 1 4Ai: 1 4 

Bi) 1 3A. 13B, 13C. 1 3D(J)$^(D-^^>^ 
too 56) 5fcfc. ttge(DJt:5J5*:«i»^:£. lvfttf>l>H 

\z^Lx'^r^i5mz^u^i^ts:<^ tt»-2fed)S&JS 

roo57i 11311. zc)mmmmzi!k^min=f'iB^ 
TT^tJEmmx^^. im^f ^ exit,, m-^p^i^ 1 9izj: 
-oxmm^j&mt^fi^&mt^^mixi^^, sisin 

^ 1 9<J)pEi«:g®S:S54^ 1 7\ZJ:r>Xm^r^'. mTPr 
9 0)-:^ (OiftJ|Z$i:fe 1^1121 2 4 ^^b, ^^252 40) 

«5?2 4bfl»iS>. ¥252 4<t)-g?:fei&ilzi^turiS5Sr^ 
:^l&l3le;'&2*fl)®tt«i»|^2 7 A. 27B^ai^T 

C00 5 8) s:ijir«i 9 0)f<fe:^o>#iii. ttMK4 06s 
f5m\zui^^-^ii^ox^'Bzo^mxxn^j. 

2 0|*jl3rS:<D(l!U)S4&2 1 A. 2 1 B}^jSI:r8ti rl^ 

ycm^2oe)it^(f>t^^zobm\z. 2:j#Sf2oir 

^ LT£i&:&r^tCMC^^22|;:a)«gt!>)t2 3 A. 23eK^} 

SJ^e^t^ri^** ii252 4<oag2p2 4 9 ^^$^^4 ofl) 

too 59) coJSft?^ 1 8 0)ji«)a)^~Klz^i^rl«i 
mt^. ^m^Bt 2 1 A. 2 1 B irs^ t r!0«*5^ 

fcjU ^tS)^4 0^. D^KS^I 9i:<?)^ISa?«2 2:& 
7 A. 2 7 BJbK miS^i 1 9 i: 0)l!6tJl3!^^ £ 5 5&43>L? 

{Q06D5 C<r)l^J^i 8d>:St<l^^ii, HKtt z i£i4>4j 
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10051} ze)Xd\z. nm^^oomm-^zz^ 

[00 62) ^fr, 114 (a) . ( b) li. EW^rSS? 

S5 1 o 7 1 - 1 07 2M f?j<^»s? • ^i^it^-r^f d:?^ 

§3SSP2o^^ ??Sf2 9;f)H5|E^Uri^^3*<0«S5i! 
3:.J5jRj):^-2 5. 2 7. 2S$«-tTl^^* PEiffiOlimj)^ 
2 5. 2811 ^^2opi^im<.^.mbri'>^7^i^3 
^26 a. 23*i:. ^:^ft2f^$2 6s. ZB^ti^^^ 

-?j<^1^«M^-K (HA-MODE) k?^. Ctl 
S*^i*rfc;<* ©4 (e) tt, HS- MODE<Dlg^^^t 

6. 2 80>^d5fi^^|Z^'J»ai^Ht^2 6b. 28 b 

b. 2 8birMLr^iO*>^i:. lg4!ilS»<J):^i&lzifea]!>> ^ 
r ^-yvh?iiflfo9t^ i)4 (b) i:^>TJ:dli» ha- 

^s^JiolZ. :&|^i»n2 6. 2QtttKmm^tt^iPr> 

Xmth^^. C'TjHA-MODEiDJSft^&IJfeaST^Ci: 
{00 55] -«ll5«^S»^*;i'<P7.3-7Tli. 



coo 663 zc^m^^mik'^^fzihiz, ik^mmm 
^ji^mMB\zni^x\t. m^^.muzi.rf^i^^'f'^m 

too673 ^iw^iztt. ®ia)iitt^irzist^rtt. 

#«Sl^S«iT<D#iiiftK3 A. SB tm^^^5t(r) 

i&mz. i^^^Q^A. 3 5B^J^JdlT^>. tlx. 
« fi^lfl tfzJ*. 3 5 A. 3 5 B 11^ LT 

C^oTv ^IS»>K-3A, 3Ba)IS©Ba)litt^- K0> 

coo 68] tft. mt^\zsf<tmi^^Q\znl^x\t. ai 
1 O(r)ffe:^o>s?5 1 D b<ajjc. /S^^lj^n i 2 a, 1 
1^Bt^io^^t^^imo&tm1i^^^Xl^^. f-t 

fbar-e-©. 3:tz, ^mmmi)^^^^ 2 a. 1 2Ba)^5t35B 
«la)3 7A. 3 7B3!>J^H3:^.^T'&ttlX'^f7 5Ci: 

C00693 if^ liJsli^'vr^^j^i 8lz;Bl>rtt. 

t§B3^4omi5C)m^2Abm\z. mmmthp^2 7A, 
2 7 8]!>»<D5gair^>siai»3 6^Mai:?iDi>ro^ 
5^ai2?3 6jj)ie>HS^^^r^i!QX^Jirci:iijt 

oT, ?^252 4<0iii!^Ha)fl4&^-' F<D|Sima)8»^a! 
fb a ^C. 7 A. 2 7 8 m^fS^ 

«d)3 7A. 3 7B3t)i^Sl:^iEr^a)lJ&tl9Ct 

C00 7 0) cn^o)^^. i8«ttiii*^jy^JRy^'^ 
i^^mT?^\zm^d^[ttl<. . 5^tSftO):ScBSP^ 

ife. mzfU\,?.\^-tf-^^Tmmmr^i5'Ai^., 
[007 13 feiT. Sic^f^^jgrsg^is^lz-i^ivriiiK 

(^SIMDSt^O. 3%-&^LTtv^.Z:^:7feM^*> 
JSE*20 0um, IfiJiSHf V^^CD-^r/A 
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TOO 7 23 zmmz. m^\zmtJ:o\::^i&mj& 

<^)^m\Z fcirr -5- U- tf - sfeO)/' 9- ^ 3 O 0 OmW t 

•'•sect [yfz. 

(00743 (^S6ff»J2) SStJ&IOOOppfn^^tT 

[00 7 53 (i4i::^i^Tctdi;«i«i^«^J5li 

j:':>f^^mMP.i^j:^xd\zm^mmzttz. 

n s € c t/;. 

ifz. Mi®eDLS^i5fidt9o± o. r rj&y, «^»>6*Si 

1007 7) OeSCWG) a^Sl OOP pm^^LTt* 

^ - :t T'^- U ^ -i* ISfi 'S. Ts^f5#mT r-. 1 1 
5 0'C c2^fe1>*>?^JStfw* CCD&fSA6>^D. 19^2 0 

nmTJ^y, ,t)>T>3 50nfn'-7 0 0nm(0^||i|rt)fc 

[00 7 8) zom^iz. m^\Z7r.tJ:o\z^m^^ 

5 8n m--5 1 5 nrr.) ^mt\Z^Ml. m^lZjr.rj:. 

o u.'fm^A-Ktti^ji ^*\z^u^^mmz Uz. ^u<^ 

^SBII O U - tf -3fe<?.vS9 - ^ 5 D 0 OmVV fc U 
tG0 7 93 J^SOHT. S4ir^,r.5*^^^iii 

^ mil R s s u m r ^ 

lOOSO) (iiglWl) jP^O. 2mmO)LiTeO 



3 migA0)2»fiZ)i^^4:^fi»^?^iairc- ctiizco? 
U-tf- (ig^ioeoonm) 0);'Jl;:it.- tf-^ps 

- ♦f-3t(i)y*.9 -51 OOmW tU U"tf-3tO)^S 
XJiJgO. 2mm/l!j:hl. /'WlrP^O^t y>S t^lSj^ 

£ KHZ t U /^«^:^0)»S^20 Op s e o L/i:. U 

.'(^i L mizmBtiO y yOt^M^\z3it^ L tztz^). m 

(00813 (,imm2)m^0. 2rnm0)LiT6O 
L-tf- (iS:Sl0 60nm) OO-^t^tPt L- tf - J&RS« 
*f-3te0)/^9-^3OOOmWi: L, If- ft CI>j3^S 

{00823 (it6r«3) Z:t7»UaP'i'^MtSAjb> 

j??2ooym. m'iM^'<y^(r)'>zi\'-ifi^ti:^ 
m^^m')i£.itz. zmu<Di^]&m\mmnmc> 

SiRSat32 0nmrS-3fc. CO)Q*tlZ. m^lZniTJi 
d!r^ft^Jdtt^=* Nd- YAG<DU-tF-0>2a(:;g 

iBiS (56^5 32 nm) (T) A ^f-'^mi izmn 
itz. m^0mm\zn\:^^i.-^-^<^Ao~^3OQ 

OmWfcU U-tf-3fe<D5£aajg$1. Omm/^Pt 
<li$4 5ns fic fcUfc* LA»U WttU-tf-jfe^ 

r00833 (S53SW4) S^:530 0 ppm^3etrU 

^5!i<afj»^. j?;?2ooijrn, iSd 3 ^ o*:? xA- 
i»s8^««:3 20nfnr3&or=* co>i9M'i::. S4ii?n 
rJ:'y\zm^^m^ltz* Nd - y A<3^i,-tf-a)4 

;>C3gilfti8 eg^2 6 6om) (J>M Jl^Jl U~ tf -^^f^lZ 

fisiHU S4izif*ri:d<t^ffiJ^«i:2;^5><tdir^t*« 

^^JWJlDXtfc* i<&f^(D*ffilZ33l:»'S>U-'tf-3tO)/l9-' 
J£250fnWfct. U-tf-3fe(0msaJSI5O. Smrn 

mitz. *DXEBo>isft«wt9o* 2 0. r Ti>y, ^ 

HL^tt¥i5*aBffi ^ R e tt 3 y m r-^ o /z, 

COO 8 53 (5©^W5) ^^1 0 0 ppm^^&LTl^ 

^*fttcMtT. zif\n\^eoi^y^Ui:^msiU 

SOOnmT^y, Sll::3 5 O nmiiligi: 5 5 O n 

]!^tiz2z>(y>mitist^Bt^mi^^titt. co)5ei?i<A6J 

j?$200Mm. iBJl3-<V^0)'>XA-ft>^/j:^> 
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j: o ^.c^ mmxi, t \zm^ mmx i tz. ^ 

7. <r:>Jt m im&^, e K H z t U .'^Jl; 4 5 

n s fe c i: Lw::* 

100 875 jt3so<'^'r, m^CTT-TE^mihi-^'im 

^iitllfeffiffi^R alls ymr3^-Dfc* 
[00683 OgT»W6) 1 OOP pm^mtTl* 

3 DO nmr»$i»j. |B jl 3 5 0 n mfj^afifc 5 5 O n m« 

^n^^^)^itz. 

[00 693 zom^iz. m4\z^.rj:d\z^m^Ms& 

(D^Bd!! iSJit 'S) U- tf - 9-^3000 mWfc 

n s € c i: Ufc* 

(r>m\z. m^\Z7htJ:o\z^^^mfiltz. Nd-Y 



fO-otz. 
[00 92) 

immcfmitjMm} 

1 ] *iei« 0)*=^ rSTjS T 3^ ^liift^O)- ^jf> 

1. 9. 18. 25 2 Xmit- 3A. 

7 fii» <mxm^ 6 A,<os3:2B^ i o, g 4 

315? 1 2A. 12 27 A. 27B t 

7:^mi5^\zuv^z:^om^imp^ 1 3 a. 13 

B, 1 3C» 1 3D. 1 4A, 148, 2 1 A. 21 B 

2 8A. 28 B. 2 8C. 28 D (Wfib^ 

^) 19 (13:1^^ 4 0 nm^ a s:m 

B ^^PiOK 3B0jm C1. C2 Hiifl) 
^-^Vh E i525lOa)®3:iP^7:£4'>utT^ 

F ^mmi^i)}^ 1 2 A. 12 Bd)mti! 
sdi i^'^^fcT'^Jitife^ss Q nm^^oom 
tn^^ii^^^'p'L tr^tm h s?^e4o>«$g^ 

■d2 5^4>a:i:?'^^ I Sffil^)^27A. 2 
7B0)ffi|S^^e6^H;l:?'l>Stt X. Y ^ 

[112} 
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